Invariance under C, given in. SU(6) A modification of the Omnes method is used to solve the singular integral equations for the 3-3 partialwave amplitudes of photoproduction. The effects of multipion production are assumed to be negligible. The method requires a knowledge of the phase at all energies. Consequently, it is necessary to treat the corresponding pion-nucleon scattering problem to determine the eBect of the high-energy behavior of the phase on the solution for the scattering amplitude at low energies. The sharply resonant nature of the problen suggests an approximation in the form of solution, rather than in the Born terms, which leads to relatively simple expressions for the ratios of the 3-3 photoproduction amplitudes to the scattering amplitude and for integrals involving the 3-3 amplitudes, In addition, a modified Chew-Low formula can be derived which should satisfactorily represent the 3-3 phase shift throughout the resonance regions. Finally, the cross sections are calculated in the 3-3 approximation and the results compared with experiment.
I. INTRODUCTIO5' CONSIDERABLE attention has been directed toward the determination of the amplitudes for photoproduction of pions from nucleons by the technique of dispersion relations. The formulation of the dispersion relations for this process, and the first attempts to evaluate them, were made by Chew, Goldberger, Low, and Nambu' (hereafter referred to as CGLN). These authors obtained the integral equations for the photoproduction partial-wave amplitudes from the connection between the phases of the photoproduction and pion-nucleon scattering amplitudes provided by unitarity. ' Only those contributions which involved the resonant 3-3 phase shift were retained under the integrals and each contributions was expanded in inverse powers of the nucleon mass M. The E-wave amplitudes generated by the nucleon total magnetic moment were determined in the static limit 
Fr"=3 cos8(Mr+'"+Er+' ') =3ctkk$2 cos8, FP = 2Mr+'~'= ctk(kct 2+br), %333= -3 (Mr+'" -Er~'") = 3qk-gr, $433=0. Imp, (ce') .
(2.10c)
The left-hand-cut contributions are typically less than 5% of the full amplitude. It is therefore consistent with our approach, insofar as we have already neglected the contributions to these integrals from other states, to retain only the static limit of these terms. The results of a 1/M expansion for the ctr;r" in the limit M-+~,
Omnes' has shown that if the phase 8 of P; is known in the interval (1,~), so that the substitution Imp;=p, e "sin8 to (1) Table I . Two of the simplest assumptions one can make concerning the very high-energy behavior of the phase shift are (1) that 8i3 passes through n at some point ce and subsequently approaches x from above, and (2) that 63g turns over and. approaches zero from above. These assumptions, however, have consequences which diKer little from one another -at least insofar as they aAect the construction of the Omnes solution for the scattering amplitude in the low-energy region. That this is so follows from the fact that there is an important distinction between the phase 5 of the elastic scattering amplitude f and the corresponding phase shift 633. The distinction is important because it is the amplitude phase which must be used in the Omnes method. While the only condition on the phase shift is that of continuity, from Eq. (3.1) we have Img&0 -that is, the amplitude phase must satisfy the requirement 0&5&ir(mod2m). Thus, whenever 83i passes through some multiple of m. , 5 must have a discontinuity. One can readily show that if 6 has the discontinuity -m at co, then the function e~a nd, therefore, the solution for f, "The tendencey of P(co) 
The normalization condition (3.5), when applied to the expression (3.7) for P, assumes the form e &c "&=fr(co )(E"+M)q,s/(2W"), and where the principal-value integral for p(co") is to be computed with the phase 6 in Eq. (3.4). Equation (3.10) was solved graphically for~, Kith the resonance position at co"=2. 07 and the coupling constant given by fr=0.082, we found the result co =6.38. In Table IT The appearance of G(co, ) (3.8 -3.9) with f replaced by P;. In particular, these equations can be used to determine P and the P,i, (&o) from Eqs. (2.10c), and (2.11). When the resulting expressions are inserted into Eq. (2.10b) for the P;r, (~), there remains a pair of coupled linear equations for the Q,r(~~) in terms of the known P;s(a& ). Given a& and the resonance position co", the solution of these coupled equations is straightforward.
Our results, determined with or =6.38 and co"=2. 0'?, are compiled in Table II . 
V. DISCUSSION AND CONCLUSIO5S
Our primary aim has been to improve the calculation of the 3-3 photoproduction amplitudes from the CGI N dispersion relations. Except for a slight modification, the method used is that of the Omnes. To carry out this program we have made three basic assumptions, each of which compensates for some aspect of our present lack of knowledge of the photoproduction amplitudes. These assumptions are (1) that only the 3-3 amplitudes contribute appreciably to the dispersion integrals at energies below and in the vicinity of the 3-3 resonance, (2) that the phase of the 3-3 photoproduction amplitudes is the same as that of the 3-3 scattering amplitude for all physical energies, and (3) that the eGect of the unknown high-energy behavior of the phase on the solution for the 3-3 scattering amplitude can be represented by a zero in that amplitude at some energy co in the physical region. The parameter in the last assumption is not arbitrary but is determined from the unitarity condition at resonance.
The principal result of this investigation is contained. in the expression (4.2) for the ratios of the 3-3 photoproduction amplitudes to the scattering amplitude. that the ratio associated with the magnetic-dipole amplitude Mi+"'12 (half the sum of the solid curves in Fig. 4) 
